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WIED-TUHMEL TM@TS.”OM WIl?-EliG1lJl!lMODEL TO DETEEMI~ T~

STATIO-ST.ABIIIITY C~OTERISTI08 “. - -..

“By-Praneia M. Rogallo and Robert S. “Swanson

SuuAm

,“.. “ . Te6te were made im the .- 7- by 10-foot tunnel to”
. determine the effect of dd.reatioh of propeller rotation
on the static longitudinal- and lateral-otability -
characteristics of the l/10-eaale model of the Eorth
American B-28 alrplabe.

The reeults of the present Snvetatlgation ~ndlcate -
that the mode of propeller operation hae a consldera’ble
effect upon lateral and longitudinal stability and may - ‘
have an effect upon propulsive efficiency. The best modo
of rotation from consideration of stability is dependent
upon the flight condition and aleo upon the configuration
of the airplane-

IETEODUCTIOM

, Testq were made in the L?ICAL7- by 10-foot tunnel to
determine the effect of the direction of propeller rota-
tion on the effective thru”et coefficients and the stdtlo.
longttudinal- and lateral-stability characterietice .of
the “l/lO-scale model of the North &nerlcan XB-2S aimptane..:

] Most of the tests. were repeated with eaoh of three modes \
of propeller rot8tion: tips of both propellers coming up
in the oenter (detaignated PL@~R)~ tipe of both propellers
going down in the oenter (P1RP2~) , and right-hand rotation
of both propellers (P@?2~) . Power-on static-etability
teats were made of the wtng alone, of the wing and fuselage,
and of the wing, fuselage; and tail with the model in the
high-mpeed oondition and in the landlng oondltion. With
the model tn the laading condition, high-llft flaps ‘were
added below dnd” ahead of.the ailerons to simulate a full-
span duplex-flap arrangement,: ‘(See reference “1.) A. few
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power-off tegta were made of the ailerons in combination
with thie flap arrangement.

~our additional temts were made to indioate the effect
of mode of propeller rotation upon effective thruet coef-
fiolenta. A brief dlscuaslon of the test results is Included.

It is desired to acknowledge the courtesy of North
Amerioan Aviation, Inc., in making their model available for
thie investigation after the completion of the original
program for the model.

MOD$9L “

ThG l/10-scale model of the Eorth American XB-28 airplane
was furuishe~ by Horth &neri”can Aviation, Inc. and no attempt
was made to check its dimensions. The propeller modes and
the model deslgnationa used in this report are those of North
American Aviation, Inc. A three-view drawing of the complete
airplane without the duplex flaps indicated is shown in fig-
ure 1. In ftgure 2(a) a three-quarter front view of the
aomplete model with duplex flaps tleflected, landing gear ex-
tended, and propeller on is ehown mounted in the tunnel.
Figure 2(b) is a three-quarter rear view of the model in the
came condltlon. In figure 3(a) is shown a three-quarter
front view of the wing with duplex flaps deflected, split
flap deflected over the center section normally covered by
fuselage (only a few wing-alone laudlng-condition tests were
rua with eplit flaps In the center section), landing gear
extended, and propellers on ae mounted in the tunnel. In
figure 3(b) Is ehown the same model configuration but from a
three-quarter rear view. A typical eectl?n of the outboard
flap of the duplex flap arrangement is shown In figure 4.

The fuselage fillets were made of fillet wax. The angle
of attack of the reference line wae determined by means of
leveling bar furnimhed with the model. The flap and control-
surface d9flt3CtiOnB were set by menns of t9111p10ts. The
propeller-blade EingleB at the 76-percent-radiuB BtRt~On were

set by ineans of a protractor. The turrets and the periscopes
were not installed.

OPERATING PROCEDUM

Ho equipment was readily available to meaBure the
torque or po~er output of the model motorB. Tor this reaeon

the only po~er parameter determined were the propeller-blade



angles the effeotive thrust coeffieien$t and the advanee-
r- d~ametar rattio.~ “ - . ... -.

The test procedure adopted (see reference 2) was to .
;make,~ropolibr=oallbration tests (fig. “.5).at %h6””propeller-
bl.ade”amg16s and the tunnel speed (In:order.:to ellminate
Eeynolde number effects) to be used for the testo, The
calibration wae made for only on-e qada of rotation but was
used for ‘all modes df rotation. Sor each teet the propeller
epeed was ad~uated In epoh.a way that for’ eboh llft coeffi-
cient the effeotive” thrtist coefficients as determined from
figure 5, matohed the effective thrust .co,?fflg.ientsof the
airplane. The airplane power eonditione are given in f2g-
ure 6. Tho yaw teetB were made.a$ a constant value of pro-.
peller speed corresponding to the.proper value of effective
thrust coefficient for sero angle of yaw. .

. . . . . .

TEsTS &l’lDmEESULTS . .
., .“.

Test conditionH.-.—— The tests were mqde in. the LMAL “
7- by lQ-.foot tunael~ “.(See refereacd “3.)” “All the teete
with’flape neutral were run at a dynamic pressure of 16.37
pounds per square foot,. which corresponds to”a “vBlocity Of
about 80 milee per hour under standard sea-level condltione
and to a test Reynolds number of about 730,000,. .~a~ed on
the mean aerodyxuunlc chord of 12.009 inche~. The affective
Beynolds number Re was about 1J170,000, based on a turbu-
lence faotor of 1“.6 for the.7- by 10-foot ttinnel. m .The ““
tests with flaps deflected were run at a dynamic pressure
of 4.09 pounds per square footr which correspc+de..to a
velocity of.”about :40’miles per hour undei btandard eea-
level oondltionb, a teat Reynoldta number of about 365,000,
and an effectivd.R~aolds nmqber .ofi.abciut“585,00@: “., m..

~oefficient~.- The results of the tests are giveri in
the form of otandard NACA coefflcleats of forces ~an.dmoments
based on model wing preap...winspap~”t”t and”me&n amerody”tiamic
chortl.-’All moments are given aborit the center-of-gravity
location on the fuselage reference Mae and At”26”percent of
the mean aero~nami”c” chord. The data are referre$.to the
etability axeg, q.nystem. in which.the. X- atis iB the inter-
eectlon of”the plane of symmetry of the airplane with a
plane perpendlcul.ar $0 the plane of Iaymmothy “and parallel
“to the relative wind direotlon, the X:”~a*ih”fe perpendic-
ular to the plane of eymmetry~ and the Z axin III in the
plane of sy-etz’y a~$ perpendicular %o.t’he X axis. In

..

.,
..

...— . . ... .. . .. —,. —. . . . ,—— .—
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other wordel the otability aX9B are the regular HACA wind..
axes rotated in yaw with” the model. . The coefficients are
defined @a follows:

drag coefficient, propellers removed (X/q8)

resultant drag coefficient (X/qS) .

lateral-force coefficient (i/q S)

.lift coefficient (Z/qS) .
. .

rolling-moment coefficient about center of gravity
(t/qSb) .

pitching-moment coefficient about center of gravity
(m/qSc)

yawing-moment coefficient about- center of gravity (n/q Sb)

()

bCy
etatlc lateral-force derivative

.W

()

aca
static rolling-moment derivative

w“

()

aCnetktlc .yawlng-moment deriv~tive
w

effeotlve model thruet coeffloient (Te’/qS)

T
effective propeller thruet coefficient me-~ = 0.876 XT=!

pv I)
where

x force along X axis, positive when directed backward

Y force along Y axis, positive ”when directed to”right

z force along Z axte, poeitive when directed upward

t rolling moment about X axie, positive when it tends
to depre~e right wing

m. pitching”moment about Y axie, positive when It tends
to depreee tail

n yawing moment about the Z axle, poeltive when it
tende to retard right wing
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d~namie preseuke0. -.
()
L pvs (i6.37 or”4.09, lb/eq ft)-- 2

s Wing area (6.769 BQ ft) . “

a mean aerodynamic chord (1.001 ft)

b wing span (7.261 ft)

V/nD advanae-diameter ratio

effeotlve”thrust per engine, pounds

tQtal effective. thruet, pounds

mass density “of air, Blngs per cubic foot

airepsed, feet per second .

propeller diameter {1,Z8:8 ft).

propeller epeed, revolutions per second

propeller speed, revolutions per minute

angle of attack of fueelage reference line, degrees

uncorrected angle of attack o.f fuselaze reference
line, degree~

angle of yawl positive when nose of model moves to
rights degrees

angle of stabiliser setting with respect to fuselage
reference llneo gosltive when trailing edge moves
down, Bet at 1.5 ~ degrees

aileron deflection with respect to wing chord, positive
when trailln~ edge of aileron moves down, degrees

flap deflection, positive When trailing edge of flap
moves down, degrees

elevator deflection, positive when trailing edge of
elevator moveB down- degrees .0

.— —- —
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8r rudder deflection~
rudder moves.:to

I

poeltive when trailing edge of
left, degrees

B angle of propeller-blade setting at the 75-percent-
radluu fjtatlon

E right

1 Inboard portion of duplex flap

2 outboard portion of duplex flap ““

, Correct ion~. - The lift, drag, and pitching-moment
ooeffi:;tents, except for the wing alone~ have been approx-
imately corrected for tares caused by the model support.
These tares for the oomplete model, with propellers off and
Et sero yaw only, are given in table I. They were obtained
from tests of a similar model with a dummy Bupport. No
tue corrections were made for the wing alone. “

The angle of attack, the drag coefficients, and the
pitching-monent coefficients have been corrected for the
effects of the tunnel walls. The ~et-boundary corrections
applied were computed as follows:

Induoed-drag correction,

ACDi = 8 : CL*

Induced angle-of attack correction,

Aui = ~“$ CL (57s3)

Pitching-moment-coefficient correction,

dCm
Acm=8 3—

a C dit
CL (57.3) ~’;

(1)

(2)

(3)

All corrections are added to tunnel data.
(2), and (3):

In equatl”ons (l),

8 = 0.114

8a = 00080

. . . .. ,-—. . -. , ,,. , . , - .-, .-
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..

. 0 tunnel, qros,-aeqt~oml area (69.69 aq ft).. ..- ., .. .,., -,..,3._, ,

(I6

q
ohange In pitching-moment ooeff3cient per degree

change in stabiliser eetting as determined from
p~.evlous tests of model with flapa neutral and
deflected and with power on and power off .

go free-stream dynamio pressure

qm average dynamio preomme acroma tail span

~bstltution of the various faotora in the equatioa
g$vee the following almpl?, .approxhate formula for flaps
either neutral or deflected, power on or power” off:

“ &Im =’0,01S CL

Ho jet-boundary corre~tiona were made to the rolling-
moment or yawing-moment coef~l”cients. The correctlonO may
be applied by use of the following approximate formulae-
which were derived for the unyawed model but which may be
ueed to correct the lateral and directional etabilit~
criterions determined at small angles of yaw:

AC~ = 0.974 ACl
Yc Yu

(4)

AOn = AC
a

%U
- 00016 AC~ CL +“0.074 AC% (5)

7C YU Yu

where the subscripts” may be definsd as follows:

Y incr”em.ents due to-yaw (dihedral effect”) -

0 oorreoted value= ..

u uncorrected values, which are given, wtthomut sub-
scripts, in the figures of test results “

It should be emphamised that the increment of roll-
ing moments and lift ooefflclents used In equations (4)
and (5) Are due to the wing and flaps a~one..and do aot in-
clude the effeats of powero model asymmetryo” the tall eur-
faces, or the fuselage in producing lift or rolling moment.

.,

,. .

. . . . — . -—
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Por convenience in loaating the results, a r&Bumd of “
the temta and of figures In which the reeulte are presented .
is given in table II. Also, the abbreviations used to
deelgnate the various model conditions are given.

DISCUSSION

Power-on static-stability tersts were made of the wing
alone, the wing and fuselage, and the wing, the fuselage,
and the tall Burfacea”for three modeta of propeller rotation
and two representative model conditions. The teets are,
of course, not complete enough to determine interference
effects, but they do provide some insight into the contri-
bution of tLe varioue component~ of the model to ltB sta-
bility characterlatica for the condltione teeted. The
pitch tests were made at ~5° yaw and were used not only to
obtain a meaaure of the la-teral-stability derivative but
alao ae a measure of the longitudinal-stability character-
istic of the model. This. method of obtaining longitudinal-
atability characteristics is considered to give a reasonably
good approximation, and its accuracy may be estimated from
the data presented for the yaw teets, which show the differ-
ence between the pitching moment at 0° yaw and.~5° yaw.
In any case the lift, dra , and pltohing-moment data are

5preeented for both the *5 yaw rune in pitch.

The maxhum lift coefficient of the model with full-
span duplex flaps waa about the same as obtained In unpub-
lished teats previously made on the came model alth partial-
tapan flaps because of the manner In which the wing stalled,
The stall might occur differently at full-scale Reynolds
number. Below the stall the addition of the flape at the
wing tips increased the lift coefficient by about the ex-
pected amount and, relative to their effect upon the sta-
bility of the model, the duplex flaps were thought to be
representative of practical arrangements of full-span flaps.

.

Some of the wing-alone tests, with the wing In landing
conditions, were repeated with split flaps added to the
center section normally ocoupied by the fuselage (fig. 3).

The etatio-stability data are presented in figures 7
to 18, whioh show the effect of mode of propeller rotation
on the varloue characteristics In yaw and in pitch for each
model and power condition tested. Testta with the propeller
removed are preeented for the landing condition for compar-
ison. It waa not conaldered necessary t“o discuaa the

— —... ——-, , , , .,. m .-, ,,, -
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figures individually; only .geqeral trends are ~olnted out.
The reaumd of the teet~, previou HZy g~ven, and the titles
on the flgureu are self--explanatory.

Longituilnal atablllty.- The curves showing the’ vari-
ation of pitghing moment with angle of atteck indicate.
that mode of. rotation ham some effect on the magnitude of
the pitohing-mament (trim) but has little effect on the
static longitudinal etabili.ty for the wing alone. or for
tho wing plus fueelage.. The fuselage is ~eatabtlising.
The wing alone with flape neutral Is unstable; the wing
alone with flapo deflected is slightly mtable; and the wing
alone with fuselage. and flapB is jqst about neutrally stable.
!Che tall surfaces are stabilizing for all modes of rotation
on the clean model and for”rota%ion mode P1RP2L on the

‘model with flaps .deflect.ed. The tail surfaces do not mate-
rially chan&e the stability for the model with flaps.de-
flected and rotation mode PlRP2~ but decrease the stabil-
ity slightly for rotation mode Pl~2E. The complete model
with flaps neutrRl has the greatest stability. with rotation
mode P1LP2R1 is .sIightly less stable with mode P1J3P2R9
and is lea~t stable (even unstable ovor high angle-of-attack
range) “with rotation mode plEp2L (fig. 1’7). The complete
model wit4 duplex flaps deflected, however, has the greatest
“stability with mode p 11F2 L‘ is slightly less stable with

mode . plRp2Rs and has the leaet .stability”wlth mode plLp2R*

The difference In stability and trim of modes P1BP2R and

‘1LP2E wtth the duplex flaps 1S about the “same as with the

partial-span flaps, as shown by unpublished data. It ie
probable that these two modes of rotation would give kbout
the same utatiilltX if the tail setting was adJusted to give
the yame trim. “. .s.. . .

The contrast”ing-.effeots of mode of prapel~er ’operation
upon the stability for the oondit.ioa$ with flaps. neutral and
with flaps deflect”e& are rather difflculi to expl.aln. -Q’nl~
the main arguments ae they apply to this model are Ind%uated

. although several dlffere.nti effects must be consi~ek”ed.tn the
general oaee. 3’.orthe condition with flaps neutral the..
sheared and slightly diwtotied slipstream paseea o~er the
tall and the effeata of ~lip-stream rotation are qs would be
expected. Tor the condition with flaps deflected, ho~ever~
the Increased downwash displaces” the slipstream fu-r$her
downward and the slipstream .shea.ring-,the rotation damping,
and the ,dletortlons are greatly increased. .The. direct ef-
fect of rotation 1S almost entirely eliminated at the zorma.1
tail location, mince the slipstream passes below the tail,

11 ■ ■■ ■ 1—
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and therefore the main component of rotation Is along the
tail span (sidewash) rather than normal to the tail span .
(downwash) . The indirect effect of rotation is thus more
important for the condition with flaps deflected than for
the condition with flaps neutral. This. indirect effect ‘
is simply that a different portion of. the sheared and dis-
torted Blipatream field is paaaed near the normal tail
location for the different modes of rotation. The portion
of the downwaBh field ne~r the normal tail is more desta-
bilizing for the propellers rotating up in the center for
this model. Air-flow surveys behind similar twin-engine
models made at the Laboratory also showed this difference ‘.
In the effects of mode of propeller rotation on the downwash.

Longitudinal trim cbanres i In ya~.- The variation of
pitch~ag moment with angle of yaw is apparently a complex
function of’ the mode of rotation and the model condition.
The curves of pitching-moment coefficient against angle of
yaw were reasonabl~ symmetrical about the sero yaw axig
for all model conditions for the taymmetrical modem of rota-
tion (p~Lp~R and p~Rp~L). ~or the unsymmetrical mode

(P1RP23J there was a marked increase In the stalling

moment over the ~oeltive yaw range and a marked decreaue
in the etalling moment over the negative yaw range for the
wing-alone cases (figs. 7 and 8). The addition of the -
fuselage reduced the difference between the unsymmetrical
modd and the symmetrical modes. The further addition of
the tall (complete model) resulted in a very unsymmetrical
pitching-moment angle-of-yaw curve for the unsymmetrical
mode of rotation. The magnitude of the Incremeut of pitch-
ing moment due to yaw is, in general, large for the complete-
model condition.

Directional stability.- Power Increases the directional
instability of the wing with flaps. The fuselage increasee
t3e instability. The tail surfaces make the model stable.
Mode of rotation does not appear to have a great deal of
effect upon the stability for the condition with flaps neu-
tral but has some effect for the condition with flaps de-
flected. It appears from figure 18 that for an u greater
than 5°, PIRP’2L is the most stable mode, plR~E next,

and P1fiE the leaet stable; for u less than 5° the

order ts reversed~

Directional trim.- The mode of propeller rotation has

a large effect on directional trim and on the genersl shape
of the yawing-moment curves for the condition with flapo
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defleqted. The smallest>.. -.,-
operatlon” ‘Aie--a’de’bclated
modes,

Itoxling atabllityo -

,

change- in trim due to propeller
with-.the-symmetrioal rotation , .

..

The model with fl?ips neutral la

stable in roll with all “ratation modei. Mode- Pl~~~” is,
In general, the most etable,.” P1RP2R. ne.~t, and Pl#2”R ““

the least stable. With flaps defleated the “mod~l,i.u”etable
only in the low-lift range with power. .The -tall eurfabee
are ‘stabilizing. In the high-lift range the least” lobs In

““ stability due to propeller ”operatibn ie..obta$ned by use of
mode F1EP2L# the other modee being approxl~tely.. equal

. .over this range. The greatest stability, however,, o~er “
the- low-lift range resulted from the use of mode %LP2E”

Lff’t and effective thruat.- The mode of rotatloq”,..

P1LP2R (with the tip~-of both propellers coming up ‘.imthe
.. center) gave ;th.ehighest lift and greatest effecttve thru~t;

tire aode of rotation .P1EP2R (wttb both right-hand propel-

lers) gave a medicm value of lift and effective thrust; and
“ the mode of rotation pl~p2L .(with the. propeller t$p~ go-

ing” down in center) gave ti+e lowewt lift and effective
thruet for a given angle of attack for”the model. The epe-
clal effective-thruet teete (figs. 19 and 20) aleo showed
this effect. Although the torqua Wam not directly deter-
mined, there was no measurable difference in tha minimum
current input to.il.ie.motor.q(a? indication of the torque
for these motors) due to mode of rotation. The effective

., thrust-coefficient data of figure 19 were oomputed dtrectl~
from the” measured” power=~n.:and power-off dragB of the model
at the given tunnel. anglae pf.attack; that”is, .the data are
uncorrected’f~r the. l.ncr.eas~d in’du”ceddrag due to.the in-
creased lift resh”iting frpxn th:e “actioq” of’the”zLipstream.

, The increase.’ In ef:fect’l~e thrust for ro”tation moiie P1LP2E
ever that for “~Rp2L ~ appears tp be du’a to better, wing-

. . .naaelle Interferomce for” the rotation’mo.de with propeller
- tips coming up on the “ihboerrd,alde of..%he ri&celle”i”that is,
the elipatream.twlet adaompanying this mode of rotation

“ Improvee the pressure “recovery over the Micellea. “....
..

‘Th”ia Int”erpr’tiat.ioa”la e’u..p.?y’tedby Mzbsequent- .k-eetm

of a model of another.”tbi.a-.englmem.airpla”ne, “i-nwhich the
meet efficient mode of rotation wae found tu”bb with the
tips of both propellers going down in the center. The dif-”
ference .of~Wode-l~o”dsf~uWa*io.m i? t.hoqght to account for
the difference of int’e.rfe.rwnceeffecte.. . .

.. ...
.: ,... .:.

-—
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Because of the low scale of the preeent teats and the
large variation of interference phenomena that may accom-
pany changes of ucale, it is recommended that the effect
cf mode of propeller rotation on propulsive efficiency be
determined at higher Reynoldp numbers. The IIft data of
figure 20 Include all components of lift acting on the wlng-
propeller unit. The thrust component in the negative lift
dire~tlcn 1s apparentl

-408~othe %reate
mt component of lift for

the runs at ~ =

power-off aileron teOtO.- The effects of aileron de-
flection on the aerodynamic characteristics of the model
In the landing condition at zero yaw, power off, are shown
In figure 21. The aileron rolling-moment effectiveness is
“riotlinear and falls off rapidly with poeltive deflections
greater than about 10°, possibly because of the low scale
of the teeta. The amount of rolling moment due to an ai-

.leron deflection of -20° varies markedly with model attitude.

More recent unpublished tests cf ailerono with duplex
flaps on a large aemlspan wing showed that the ailerons
probably would have been more powerful provid.ed,the
balanced split flaps had been located farther below the
wing (larger gap) and farther back. The change in lift
characteristic due to moving the flap to thle. new position
a-ppeared to be negligible. . “

..

. .

COI?CIJJDJIW EMMARKS “ .

The reeults of the present “investigation indicate that
the mode of propeller operation has a considerable effect
upon lateral and longitudinal Btabillty and may have an ef-
fect upon propulsive efftolemcy. The best mode of rotation
from coneideratione of stability is dependent upon the
flight condition and aleo upon the configuration of the
airplane. Oppositely rotating. propellers With the tips
coming up In the center appeared to give. the hlgheet pro-
pulsive efficiency for the wing-nacelle arrangement used
in the tests. Because this effect was attributed to”inter-
ference, it should be carefully checked at higher Reynolds
numbers. Only a brief analyels hae thus far been made of
the results of the present investigation,

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for +ronautlcm,

Langley ~ield, Va.
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TABLE Z

SUPPORT STRUT TAEES USED IM COMPUTING

THE COEIWICIENTS

deterinlned for a model similar to the XB-28 model~

% ~(!L . ACD ACm
(deg) . .

-lo “ -0.004 0.0062 -0.003

-9

-B

-7

-6

-5

-4

-3

-2

-1

0

.5

1

2

3

4

5

6

7

8

10.6

-.002

-.001

.001”

.002

.002

.001

-.001

-.002

-.004

-.006

-.007

-.008

-.009

-.007

-.005

-.003

-.002

-.001

-.001

0

.0062

..0056

.0053

.0049

.0046

.0043

.0039

.0037

.0033

.0031

.0029

.0028

.0025

.0022

.0020

.0017

.0015

.0012

,0010

0

-.003

-.003

-.003

-.003,

-.003

-.003

-,002

-.002

-.002

-.002

-.002

-.002

-.002

-.002

-.002

-.002

-.002

-.001

-.001

0
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R&UI&’OF TESTS ANDFIGURES

(&

5

-5
-5

5
~

‘JU
deg’
(b)

Power
condltlo]zlh/s~ ft) Flgurot---Teat Conflguratlon

Modal de~crlptlon

T(kg)(%)
I
I I I

I
H@h-=pe=d: %RP2L 40.6 0

-:- do ---i - do - ~40.5 0
---! - dO ---- do 40.5

;40.5
‘-- ‘0 ‘--! ‘1LP2R :1

--- do --- -do- 40.5 0
--- do --- -do- 40.5 o;
--- do ---

P1RP2R
40.5 0’

16.37

16.37
16.37
16.37

16.37
16.37
16.37

16.37
16.37
16.37
16.S7
16.37
16.37

I 13110 I Wlng+fuselwe :Rnted
power
-do--
-do--
-do--

-do--
-do--
-do--

-do--
-do--
-do--
-d.o--
-do--
‘do--

.do--
-do--

11
13
13

111 i ---- do ----- 7.8

7.8

7.8

7.6

7.6

112 ‘ ---- do -----_——
113

114
115
116

117
118
119
120
121
122

---- 6.0-----

---- do -----
---- do -----
---- do -----

---- do -----
---- do -----
Complete model
---- do -----

11
13
13

11
13
17
15
17
17

15
17
17

15
17
9
7
9
9

7
9
9

7
9
21

21
21

--- do --- - do - 40.5 0
--- do --- -do- 40.5
--- do --- - do - z

:::1 0 :
1.5 [ ::.9

--- do --- -do- :11.5\
---- dO ----- i--- do --- -do- 40.5 o 0 0 1.5 4.E

0;0;0 1.5 1 4.8---- do ----- --- do ---
‘ILP2R

40.5

! ;:::;
16.37

I 16.37
16.37
16.37
16.37

,
0’0

!

00 :i::=l -4.9
Oio;o 1.5 1 -4.9

I123 ---- do ----- --- do --- -do- 40.5
~~4 i ---- do ----- ~--- do --- -do- ~o.~
125 ~ ---- do ----- --- eo ---

‘1RP2L
40.5

I
I -do--

7.8 -do--

I

126 ---- do ----- --- do --- - do - 40.5 0 0:0
1

127 ---- do ----- --- eo --- -do- 40.: c o 0 i:: j :.8
126 Wln.r,alone --- do --- - do - 40.5 0
129 ; ---- dO ----- --- do --- - do - 40.5 0

i -5
~ 7.e

---- do ----- --- do --- -do- 40.5 0
0 -5

1 1,

-do--
-do--
-do--
-do--
-dO--

- do--
-do--
-do--

-d~--
-d@-
No pl’O-
;ellers
-do-.

16.37
16.37

16.37
16.37
16.37

16.37
16.37
4.09

13L
131

132
133
134

135
136
137

---- do ----- --- do --- P1LP2R 40.5

I
---- do ----- --- So --- - do - 4C.5 o
---- do ----- --- do --- -do- 40.5 0 I ;:\7”e
---- do -----

‘-- ‘0 ‘-- ‘1RP2R
40.5 0

~~,
---- do ----- --- do --- - do - 40.5 0 7.8
---- do ----- !--- do --- - do - 40.5

d-3;
-5

Complete mode+ Landing o 0 1.5 ; o

136 : ---- do ----- --- do --- cl-2(3 o 0 1.5 :1 4.09
139 ---- do ----- --- do --- ,d-10 0 0 1.5 , -do--
140 ; ---- do

4.09
----- --- do --- do 0 0 1.5 :/ -do-- 4.09

, 141 ---- do ----- --- dO --- dlo o 0 1.5 -de-- 4.09
142 ---- do ----- --- do --- dzo 0 0 ].5 0, -do-- 4.09
142 ---- do ----- --- CO --- P P 2“.1 O

lR 2L
o 0 1.5 5! en~e-orf 4.09

power
$ 144 ---- do ----- --- dO --- - do - 27.1 (1 @ o 1.5 6.8 -do-- 4.09
~ 145 ---- do ----- --- do --- - do - 27.1, 0 0 0 1.5 -5 -dc-- 4.99

--- do ---
P1LP2R 27”1! 0 0 0 1.5 -E ~ -de-- 4.09

l~~j,~~~~~~~~~~l=:~---ldo- 271do- :27.11 0

,“I°, :::: !.:2 5:6”9::2:
4.09

- . ----- --- 4.09

—.. .— (

a06flnltion of synbols:
P~R left-hand motor, rlcht-hand propeller

P
2R

right-hand motor, rl~ht-hand propeller

PIL left-hand motor, left-hand proPeller

‘2L
right-hand motor, left-hand prOp.311.3P

bRmge of valuea lndlcated when numerical values are omitted.
C1625 hp. at 25,000 ft.
dvalues or 6

%?“

16
1s
18

\ 16
18

..
‘2000 hp at sea level.
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17

Modal da~crlption

.

T

~

8a 6e 6= it
dog) (deg) (dog) (deo)

1.5

1.5
1.5

Tes

—

149

150
151
152
15s
154
155

156
157
158

159
160
161
162
163
164

165
166
167

168
169
170

1’71

172
17s
174
175
176
177
17E
179
18C

101
182

Confip,uration
POW*P

;ondltlm

Qake-of
power
- do --
- c10--
- do-.
- do. -
- do--
- do --

- do--
- do--
- do--

- do--

‘Pde~)

27.1

27.1
27.1
27.1
27.1
27.1
27.1

27.1
27.1
27.1

27.1

Complete mode 18Landing

.-. dO ---
--- do ---

do--- ..-
?-- do ---
--- do ---
--- do ---

--- do ---‘
--- do ---
--- do ---

--- do ---
--- Clo---
--- do ---
--- do ---;
--- do ---
--- do ---

PP
lR 2R
-do-
- do-
.do -
- dO-
- do-

‘11/p2R

- do-
- do-

P1RP2L

-do-
- do-
- do-
- do-
- do-

P1L*2R

- do-
- do-
P1”P2R

- do-
- do-
P1RP2L

‘1RP2R

- dO-
do-

P1LP2R

- do--

P1RP2L

do--

0

0
0

0

0

0
0

0

0
0

0

0

0
0

4.09

4.09
4.09
4.09
4.09
4.09
4.09

4.00
4.09
4.09

4.09
4.09
4.09
4.09
4.09
4.09

4.09
4.09
4.09

4.09

0

0
0
0
0
0
0

0
0
0

0
0
0
0
0
0

0
0
0

0
0
0

0

0
0
0
0
u
0
0
0
0

0
0

0

0

0

0

6.S

6.8

6.8

6.8

6.8

16
18
14
12
14

---- do -----
---- do ---.-
Vii:+f&lage

....-
---- do ...-.
---- do -.---

I

I

I

-5
-5

5
5

-5
-5

14

12
14

---- do -----
---- flo-----
---- do ----- 14I 12

14
10

1:
10

---- do ----.
---- do -----

Wing alone

---- do -----
---- do -----
---- do -----

- do--
- do--
. do--
- do --

27.11
27.1
27.1
27.1

27.1{
27.1
27.1

2’7.1
27.1
27.1

I
i-5
-5 I

)
1:
10

---- m -----
---- do -----
---- do -----

--- do ---~
--- dO ---
--- do ---,

--- do ---!
--- do ---I
Hiph-speed

5
5

-5
0

i - so --
6.8

0.6

6.9

6.9

6.o

- do--
- do--
Thrust
c131i-
bratlon
S0 pro-
pellers ,
- do--
- do--
- do--
- do--
- do--
- do--
- do--

8
10

---- do -----
---- do -----
Complete mode

4.09
4.091.5

1.5

1.5
1.5

5

1

1

27.1

27.1;
27.1;

I
40.5 i

40.5 I

40.5

40.5

I

I

1

1

I

L

4.09 18---- do ----- I..mding !

--- do --.;
--- do ---
--- dO ---~
--- dO ---,
--- do ---
--- do ---(
--- do ---1
--- do ---
--- do ---~

--- do ---
--- do ---;

High-speed;

--- dO ---

--- do ---,

—-i---do ---

4.9

-4.9
5

4.09
4.09
4.09
4.09
4.09

16
18
14
12
14
10

---- do -----

---- do -----
wln~+fu~elage
---- do -----
---- do -----
~Wing alone
---- do -----
---- ao -----
3Wfnp,alone

4.09
4.09
4.09
4.09

1:
10

- do--
eTake-3rf
power

6.8 - do.- {

-5

1’
!5

‘o

10

1°{

~ 1° L-

4.09
do-- J 4.09

Thrust I
call- 16.37
bratlon
do.- 16.37

&
. do-- 16.37 ~;

do-- 1 .::16.37

---- do -----
---- do -----

I
183 Wln~ alone -4.8

0.0

-4.8

8.0

184 ~ ---- do -----

G

aDefinltion of symbols:
P~R left-hand motor, right-hand propeller

P
2R

right-hand motor, right-hand propeller

‘lL
left-hand motor, left-hand propeller

P
2L

right-hand motor, left-hand propeller

bRa”ga ~f “al”e= indicated when muuej-icalvalues are omitted.
‘2000 hp at sea level.
fWitho”t center-section split flaps.
ZWith center-section Spilt flmps.
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NACA Fig. 3

Figure 33.- Three-quarter front view of the wing of the l/10-scale model of the North
American XB-28 airplane in the 7– by 10-foot wind tunnel. Wing with duplex

flaps deflected (split flap over center section normally covered by fuselage), landing
gear extended, and propellers on.

Figure 3b.- Three-quarter rear view of the wing of the l/10-scale model of the North
American XB-28 airplane in the 7- by 10-foot wind tunnel. Wing with duplex

flaps extended (split flap over center section normally covered by fuselage), landing
gear extended, and propellers on.
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